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(54) ELECTRODE STRUCTURE AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide an electrode structure which can 
be brought into ohmic- contact with a p-type 
AlxGaylnl-x-yN semiconductor (where, 0<x<l, 0<y< 
1, and x+y^l) in an excellent state. 
CONSTITUTION: An electrode 62 composed of a 
metallic nitride layer and metal hydride layer is formed by 
depositing a metal in which the change of nitride forming 
free energy is ^0 kcal/mol and hydrogen occluding metal 
on a p-type AlxGaylnl-x-yN semiconductor layer 61 
(where, 0<x<l, 0<y<l, and x+y<l). A crystalline 
state which is suitable for p-type conductivity due to a 
less amount of circular openings of nitrogen atoms is ' 
formed near the surface of the senticonductor layer 61, 
because nitrogen atoms are attracted to the surface of 
the layer 61 by the metallic nitride layer. In addition, Mg 
atoms near 63 the surface of the semiconductor layer 61 
are activated into an acceptor impurity, because the 
hydrogen coupled with Mg atoms is attracted by the 
metal hydride layer. At the boundary 63 between the 
semiconductor layer 61 and electrode 62, a sufficiently high carrier concentration as a contact 
layer is obtained and an extremely small ohmic-contact resistance can be realized. 
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(57) [£ft] 

[gfa] pMAl,Ga,In,.,.,N (O^xil, 
O^y^K x + y^ 1) ^»{C*fLTa»^^--5 

mtS,] pIAl I Ga,In 1 .,.,N(0^xSl 1 
O^y^K x + y^ 1) ¥ii#J16 1±K. fiEffcUffi 
RS£S:c*;l/¥-^b#0 k c a 1 /m o 1 fcTF©£JR 

?Wy>«tl» p MfiSltttejg LtttSMOmt ft S. £JI* 
3R{fc«J»{CJ:»)Mgll^i^Lr^i*3R*S5lt«F# 

rffittffcStl^. ¥^#B/*gJ?ffi6 3-Ctt=i>** 
hMiLT+^ft^+ + ';TiIg*5if6ft. 
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1 

pSAI,Ga,In l .,.,N(OSx^ 
1. O^y^l. x + y^l)l|»i$IUPi 

m7kmmm^t!ismm& t u r t,> zmmm. 

[fl#52] pfiAl,Ga,In,.,.,N(Oixi 
1. O^yii. x+y£ 1 ) ¥*fMLh«:. Bfbft£ 
JSiSx^Mf-SffcjPO kcal/mol fcTFrfc* 
^IfcctCC'^ifig^l^li^S/cttl^^Kll^LrS 10 

[f»*53] pSA l,Ga, I n 1 .,.,N (0£x£ 

l. o^y^i. x+y&D *m#m±ic. mims. 

fSM^^^-mtifiO kcal/mol 

§i&mmt£®t:mm bfc&tcmumz'fi *> mmm 2 1 
mwmm&mu 20 

[000 1 ] 

imm±.<ommm] m^ni-v&{b£ 

^*2fft©-o-C*5pMA l,Ga v I n,... T N (0 
^x^l. O^y^l. x + y£l) %m#mb. * 

[0 002] 

[ft*©&fi5] s£fc<to. «a«*3R^©afb«0Rii 

I-vmit-£®¥mftmmiciZ. pIAl.Ga.In,.,., 
N ( 0 £ x £ 1 , 0 ^ y ^ 1 . x + y^l) 30 

t>6*VCt,>£ (" P-GaN/N-InGaN/ht-GaN double-hetenos 
tructure blue-liqht-emitting diodes",S.Nakamura et 

al.Jpn. J. Appl. Phys. (1993) p.L8) . $/c. $H 
¥5-29 1 6 2 1 *f A u feW©«ffittt4<t 

tr. Ni, P tfc«fctfAg*5W*>nri>£. 

[0003] 

[^^is^tct^t^-sisiffl] LiPb&ifih. tmn 

«S*<. */c, pSAI I Ga v In,.,.,N(0^x 

SI. OSySl. x + ygl) $m»mtwGw&# 

[ 0 0 0 4 ] mstmttN i zm^tcmswt. 

^&©£.rAu<fcDi®ftrfc*h &$?ft*-5** 

«tt«*-r. Nim,mzm<<>x&ft#-<*-\: 
mmvtcm^ ««E-«E#tt©«^ffiiomA(c*$ 

i>r u— »f^^fp$? utJii^ u— tfjR^omsiigi 



mW-8-32 1 1 5 

2 

$#JBta#26K:;A:t<ftS. c©fc«S>. SR-fttftftE 
©ffii«{b«i4&£. «±©C4«. N i tw©p t 
*Afffc*il»rfcB«r*5. .tor. gl*gfn*S6 
tc/j>5 < brttf^E^^Sfcfecca, N i , P t 
fc J: O'A g £0f-©*ft$mfe&S 4 * 5. 
[0 00 5] *ft93tt. C©J: 5 ftfi£*885©I!ilII£ft? 
&-T^< ftSftfcfc©?*!). pSAl.Ga.ln 
t.,. T N (OSxSl. OSySl. x + ySl)¥g 

<*sc*tL,r&$? $ *ttiw«f»6ft*«**:rr 

tf*©**#&*lI«T* c 4 £g»<j4 

?*„ 

[0006] 

[fSgI£8?&-f £fc«>©¥&] *f6HJ3©He$®«. P 
IAl,Ga,In,.,.,N (O^x^l. OSyiSl. 
x + y^l)filti*tU K*»«i±KRW6n 
SmS^«14Mt^i5«J:0'^S*^t!g)©ig^bfc)l 
IKS. */ctt^Rtt^{t^fej;o'^«*^fM^# 
t?JUfj§4ft-?rt,>£©r. -e©ciK:i«3±isg^ 

[0007] tttwommmmvwmjtttt. psa i 

,Ga,I n,.,.,N (O^x^l, OSySl. x + y 
Okcal/mol «Tr*S£JSfcJ;tf*f8!?ji^JI 

zm.'X£MzmmicmmLxn®zmi&tz<Dv. 
c 4 tc <fc o ±iesw*^$ n-s. 

[0008] *!^©«&flfe©Kfi#£a> pSA 1 
«Ga,I n,.,.,N (OSxS 1 . OSySl. x + y 

s i ) *m#m±.ic. »t«£tf aftx***-^** 

Okcal/mol fcrpC*£#H:te £V*mB?ffi&m 

z-£ts&mmt&®zmmbxmm*fci&tz<Dx; % 

[000 9] ^Bj©ms^jS©SUg^?S«:*jc»r. nr 
[00 10] 

[fPffl] #»W«c*oTtt. H6(c^TJ:^«:, p ^a 
l,Ga v I n,.,. v N (0£x£ 1. O^y^l. x + 
y£ 1 ) ¥^i*@6 1 ©±K. ^Ht4^b«S*J<J:^M 
*^{b^©S^L//ce«jS. *fc«^Jl^b«)@*Jj: 

CJ t ^JS*^b«j]i%#tf®«jg4ftor^ssffi6 ztfi 

[ooin co^^tMi&tthmm. «t©4*j 
K>v$>?>. m&m6 i<omtm. zvmi&mx&z 

fc. ^©8t)Bi{c«fcSS^J!iT©3g?L0Ji£«:J:*)^f* 
S©lS#S*inS4ft 0 . pMfiii^lf S±r» * b < 
ftt^. 

[00 12]Kt. *»WTH:. ^Utt^fb^S/di 



3 

mm+vmm 6 1 <o^mmmmw,mmmm 

£-T4l6ii*fc|MWWf6 1 4«®6 2 t©IBK*-f»)a 

as. 

[0 0 1 3] $fc, -««:. pg£>»£f#^<¥>»Wf 

6#> MOCVDttK«t0 pSA l.Ga, I n,.,.,N 
(OSxSl. 0£ySl. x + y£l) 

£*S£kTfc»3. MgJ&?^$ft7*-fe:/*4bT«!l 

*>&<&•&. c©fc&. c©<fc5&¥^#B«:*fi.. m 

ipSA'l,Ga,In,.,.,N(0^iSl l 0^y£ 

l. x+y£ i) t*»L/. ^#e»t^/t 

i>s©k*+»-c* o . $ 6(ci*t»* + TWftfe&K 
4-r*. 

[0 0 1 4 ] fCT, *«9rett. &K*£fl?NSft:l* 
fctt£K**ft1WiCC,fcg. ¥^&B6 l#(c??£-f£ 

*3R<*5i*ap&6nr. Mg^©?gwt^it(jw6n 
tk*iws-r*ftfi©«ia. Ro f &«**fb«j*fctt£Ji 

*JRibB}ll«c«fc^Mg/l^©t§ttft{C < t-,-t > ¥«fM 
6 1 4*ffi6 2 4©»ffiT©*+ yT«K*3>$d? h 

jit ur+^ftK* t 7i£gJ! 6 3 *£0rr* t 4 a» 

■Ct-5. <fcoT. ¥$ftff6 1 4«66 2 4©f?ffir© 
«CkM©««*L<lfiil>'7t. h>*A4Nt©**l* 
ISWa43&>6T*S. -£©*£*. ¥*IftJi6 1 im®6 2 
i©IBCcftl!H6ffi©ttftT/h3t>*- 5 9 i'Stt*^ 
rtsc44fc£ 0 

MX> 4UmMliA>6C©JMK:«AL'C«>a!©MlclM 

[0016] C©«fc5«rtI««J6tt. ¥«<*Jf 6 1± 
fc. mm^JSu^^^-mWQ kcal/mo 

**¥-*ft#0 kcal/mol firFr*££tffe«fc 

«BST S C 4 tt<fc 9 ff -5 C 4 ifiV * S. 
[0017] 0 k c a 1 / 



(3) 4«B¥8-3 2 1 1 5 

4 

mo lttT©&K*¥aWM6 l±fcit»-T£4. 

one 1 ©aM(c^j»ttB6 1 tpcDgmm+t&mtcD 
a&ji*¥*ffli6 i±«c*«-f*4. *aw«i6 1© 

^B5(c*3RJl-7-4^JSi©Sl&{c «fc»)^IS*^b«J)i*J 
JBfiSSft*. Stc. C©J:3&£«:toJ:tf*JR»j«&fl| 
*dtr^«IHKt^«**»ftJi6 l±KJtatrfe, IS) 

[0 0 18] C©*9Kt"C»6tl*«HWB*. 
10 «it^RJIi©Sl6KJ:SlS^*WLri>4©r. 9! 
3R«t»6*iri»«*«J:»)fe3 6«:9SB-cWa»K:«>{fc 

^wk £>«ftfcm«sij£4 r 4 c 4 s . 

[0019] *fc, ±e£»bJ:tf*JRIH»£«. *fc 

©as. Mg©jstt{b*ffijt-r*fc«>. *-5»*tttt 

£?£>{C&#TSC4#rtS 0 
[0 020] 

mmm] HT. **9!©IIJtWK:oi>rtt9i-r4. 

[0 02 1 ] 4MK*t>?^3ft*&llttftflft£ 
20 UTtt. 0U.tfScN. TiN. VN. C r N. Zr 
N. NbN. LaN. Ta N#$Stf 4fc. £K 

*^[b^4LT«, WAtfScH,. YH,. LaH,, 
CeH,. PrH„ NdH,, SmH„ EuH,, Yb 
H a> T i H, . ZrH 2 . HfH„ VH. NbH. Ta 

[0 02 2] *»W«:ffll»6*iS2<k«ffilSa*x*^ 
*-«fl38«0 kcal/mol OT©£JI4 LTK. ft 
AtfSc. Ti, V. Cr. Zr, Nb, La. Ta#t 

mfhtiz. *^gfi^aiiur«. mas 

30 c. Y, La. Ce. Pr.Nd.Sm. Eu. Yb. 
Ti. Zr. Hf. V. Nb. Ta. PdW6ti 

[002 3]j^. Sc. Ti. V. Zr. Nb. La. 
Tattfifl^fiSi£x*jU¥-|tftAG*JO k c a 1 
/molOTt^lT&O, *>0*3RUj^JRr* 
6. L*^L. Ctli?<D£MZimbtcm~Citp§&A 1 
,Ga,I n,.,.,N (O^x^l, 0£y£l. x + y 
^ 1 ) *»tt»{CSff-r*fi»tt*-S » C 
cne>©^JS*Jp§!A l.Ga, I n 
40 t .,. v N (O^x^l. O^y^l. x + y^l)¥g 

4 L r l > * rtJRSFf 4 ©|tetf*&J Sft 5 C 4 * 6 . 
^Ktta<fc!ft©**J»BSS ft, *Xtttt£H 4 L T ©s 
«HtJKfhS«l«Ct». fifo-C. Sc. Ti. V. Zr. N 
b. La. Ta«^K14M{b«J^©/cS?){Cffl^T. * 
^Bfig^ll4LT«Y. Ce. Pr. Nd. Sm. E 
u. Yb. Hf. Pd&JBl>£©#*7SU>. 
[0024] pfiA l.Ga. I n,.,.,N (0^x^ 

i. o*ysi. x+y^ i ) ¥mwm<DG.msut. p 

50 Sfc^41-SC4*5-C*6Mg#©T^-lr7 , ^^iK^ ; & 



5 

mm? *> c t tc j: <o war*- s c t wv * s . 

[0025] *Sf9£t2. 0 6 JC^T J: 5 t'J7 
«K«tf9M«l (p*-A l.Ga, I n»...,N : S i ) 

6 3 ^Rttg{b^tecfc v&m7i<.mwt<Dm£; item 

«rJBflffiift^Tl»4«ffi6 2ipaAl.Ga, In 
,.._,N (OSxSl. O^y^l. x + y^l)*^ 
ftjf 6 1 4©ffltc«jS3ftfc»3S4&4. 
[ 0 0 2 6 J fcfe. ARttOfblUI«»J:Ottll4cjKfHft 

SK4l*l*J:C^*ftftlMtt. -##lJi*fctt 
2Jf«±r-*<3. tt**l»*ft:tt2««±-C**fi^ 
■eJi«KS , C*r>T«>J;o. c©J:5&^teS{tWJi:fe 
<fcCf£R*j|Wb*flBtt. ¥*»*JI6 ifas«:««sn. 
gtt«j£&e*x*;l/*-£fb#0 kcal/iol« 

T<D£m*im?z> t£m®&<t®mtt. *mm&m 

[0027] ^^KOWffiflKiKfeH-Ctt. pIAI, 
Ga v I n,.,.,N (O^xS 1 > O^y^l. x + y^ 

i ) mm<Dm&®?mt¥m&ii<DWLii-td&£kifi 

S. *fc. Jt*+ r»Kft*aM«l 6 3 tt. 3>3r^ 
Hi4UT+#&*+'J7ig£4&'). J£MfiSI©&#> 

fcS&fflltt. ¥gftJ14£JIJi4©£lc;fCj:£&££ 

©4T*c4:&ir*.&. 

[0028] (mmw l ) B 1 tt. *»H©-ll*t«r 

*7r^7»Rl±tt:ffiH3ti. II50nni(DGaN 
rt»7rI2, Ji/¥3/xm. </7iMU x 1 0" c 

[0029] «ffi4tt> iES 5 OOum, mffi^MK 
Hi mm©2o©nti4, 4 ifcotfeO . 025Ctk 
TJ^JC. Mg8SJUpMGaNB3©±iC, **tf-A 
3i»ffi«:J:*)i!l3Mt2BEl x 1 O-'To r r«T. *S 
WSK5X1 O-'Tor rJMTTPdJI5 4TiB6 
i**«l/TJR&3*Vtt»*. Pd@5fcJ;tfT iH6 
*>6tt4*«iGaNJi3 4©lfii. o£9Pdg54 
GaN*3 4©JFffi(c-3i>rK % «SI4>©Sl6«:«fc'3 . 
i|« $ ft/c P d « 5 Ct ft £ P d £ *m i Mb£ b T 
&S£R**{b*PdH»»4. itftSft/tT ig6K: 
^2ft£T i £SJR£jWb£LT&4£IIttgft»T i 
NSS»4*»fi£-r4ttS4&a. *fctt. PdJI5 4G 
a N Jl 3 4 ©flBfctotf ££l?ffi©-g|5g fc«g^SP^*J 
^«*3RftftP d H If *>6 % 0 . *©£IHB©-8B* fc 



#^¥8 - 3 2 1 1 5 
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L.<«. Pd»5 4GaN»3 4©IHfc£JlMc*ffc*lP 
dHH4£JS&g{b^T i NJf&0M3tlfcftfKc& 
i. 4>b<«. T i 4ajR43Wt^Or<CS^)l5ttSg{b 
12»T i N4, Pd4**4>Wt£0TttS£BI*JR{fc«| 
PdH4#, EKft*t,Tlttfcft-jfc«W4«c$. * 
«K^Ofc««tt. PdJ15 4T iH6 4£5U$>^ 
*»0K:L-CJBfiS-r4*B^«l:»)fe. tBfrr*J:9K:P d 4 

t i 4*pi-* s > ^■c^r^ts^©^*5jec 0 3 

ttfc. tt±K9JUfc!I*©tfaStt. fflW<DSZtc 

[0 03 0]E3fc» 2-o©R^@4. 4ia©asfe-a 
£0*tt**T. Jtt^fc©fc*fc£||4t,'CN i 
«rffll>fct»^©««-«E!(lft4>^ti-C^r. £©0rf» 
6S»3*i*<fc5«:. Pd*<fctrri**SI(/t««4 

tj^tti/M^QfeMomnia. #^¥5 - 2 9 1 6 

N i £fflt,»fc*B£J: •) jfUtt^LT 

[0031] $&tc. e©«fi»»c*ti,T. nm^r 
--)i£KH,*-CT--)i>UB[i 0 o*c~5 0 o-crr- 

-;U%1 O^ratf-j/c. ^©J#£fc::teW£fI@ 
«S©W»-«BE»tt©7--iHaRfl3¥tt**-r. * 
fc> (R. T. ) ■Cft«t,T7--;U«ftott*-a 

[003 2] C©a^6ffi(83nS«fc^«C, 300'CW 
±©7x-->Hc<fc»);&«Bc*-5 

*fc. f§f>n/c^t8is«- *«f*s4^R (a 

im£j8,&mi.*)l*'-mt&0 k c a I /mo 1 JKT 
©*JIWfJ:V*3R!tW^«) 4©SrEKJ:SIS&*WL. 
Tt»*©-c. SSBni««K:*)fl:#6W(cfe«nfct©r 

[003 3] (HtfeM2) C©JliSW-C«. pM^ft 
B4UrGaN©3©ftt><3K:* + ';7i)IS5x l 0" 

cm- 5 ©A l..,Ga..,N£fc»*+ ';7aia5x l 0 
"cm- , OIn 1 . 1 Ga,.,N?:Ml/ > Pd)i5fcJ;0* 
T i M 6 ©Rfc 0lCHf4Nb4 ©^Sr5{b^?:«» 
l/fc«^«HS6Wl4|5|«©*ffi«S«:fpSlU/t. * 
fc. t©^RHb^©Jgatf>©^fc£l>t^Stft© 
^iffiK: i 0 > *3K*a©±(ctt^||*«ft«H f H, 
Bfc J:Cf^B5ttSfb»N b NJi#9&iR<*ft*. 

[0034]B5{C, 2 o©P3Wam©«»-«E»tt 
*^To C©H*»6a«3nSJ:9«:. Hf4Nb£© 
*Klfflffc^«l*iifflUT««*»jaL.to*^l«W©«t5 

A l ( .,Ga t .,N49tftM*J:ff I n..,Ga 
,. . N*«tt)i©C»-rtl»^-Cfefi»tt*- 5 9^4ltt 

[0035] igamstWKifcum 

{Cj;«3^b^ieSgSi^^+*-^bAG*50 k c a 1 



(5) 
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xZfrf-mkAG&O kcal/mol 

[oo36] zmmtexv&BZfmmtzxmK. 

n&&7--)\<t l c£ZimiCRT A (Rapid Th 
ermal An n e a 1 ) feZm^Xb £i<\ 7~- 
Mt 1 0 0 *0-5 0 0 'CtVfiitcfiK w&&L£c*>ti 

»f?na<^^3oo-c«±-c*So *fc. &©g&s 

©±Rtt. *3R««^JI5©HfcS«:i(Eff-r43&s. 8 0 0'C 

-l ooo°oigr*5. 

[0037] ¥«ft)i©go B Bi:b«iil:^|gTSC i*ST* 

fc&©K:lE6ft&l>. 
[0038] 

pIAl,Ga,I ni ...,N (O^x^l, 0*y 

^ i . x + y < i ) m&wmowm* pMBmzn s± 

Jf img£©l?ffir©* + 'JTig^n^^HiL 

■c+*Mc**+ yriggi-r 5 cim, pSai, 

Ga, I n,.,.,N (O^x^l. O^y^K x + y£ 

i) mmttm±micmmffi<D&!tox/\^* 

-3 ? tmmMWiiftZ. ct-^T. *?Hg<Z)«S4l&«* 



mw<Dt$mmm 

[01 1 *#^©-|!&08r*£S@flB&©Srffi«(g0 
[02] JBtft 1 ©H@©»rli0-e&£. 

[03] nmw i «»<fc vjusM®«ffiiso«ift-«E 

10 [04 ] UteW 1 ©flMH«Jg©«eiE-«E«tt©T-- 
[05] H^2©«S«a©«{jfe-«E#tt?r^-r0 

[06] #2Pj©m«ij&£^-r0-c£>.&. 

[ft^©!^] 

1 t7r-/7l« 

2 GaNM-;7 7 I 

3 Mg^JJDpSGaNJl 

4 Hg 
20 5 PdJi 

6 TiM 

61 piAl.Ga, In,.,.,N (O^x^l, 0^ 

y^ i, x+y^ i ) mmwm 

6 2 m& 

63 *I»l(p , -Al 1 Ga,In,.,.,N:Si) 



[01 ] 



[02] 



[03] 



[06] 
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- — 1 
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• 1 1 1 » I « 1 «- 
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[|6lfB] ¥fi£l 1^(1 999) 8£6B 



*#HI¥8-3 2 1 1 5 
[&HB] ¥*$84£ ( 1 996) 2£2B 
[WHK1 2 2 

[HJI8t##] 1$M¥6-1 67 124 

H01L 33/00 



HOIS 3/18 
[F I ] 
H01L 33/00 C 
E 
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mm] TORI 0*P7>H24B 
[^DtttiE 1 ] 

immm 

■m&*ll pfiAUGa, In,:,.,N(0 

^x^i. o^y^i. x+y^i) mwmimo. 

[It#^2] pSA 1 . Ga, I n, - , - , N (0 
*x*l, 0£y£ 1, x + y^l) *ia#JI±{c, £ 
{b^^g&x^l/^-^ttfO kcal/moltlT 

[ff#fl3] pfiAl.Ga, In,-,-,N(0 
gx^l, O^yil, x + y^l) ¥m&M±.UL. S 
^^^SBai^^+'-^fb^O kcal/mol«T 

ft. 

il4««S2 ^fc«3tC^ig©^@^&©Sgj*^ft. 
[«*15] »2<)M4ttfEi£<Pjgy&g#3 0 0 'C.^ 1 
0 0 O'COeBrfffeftac^l^TSMSgP 
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